Aim: To investigate the effects of curcumin (Cur) on cardiac fibrosis in spontaneously hypertensive rats (SHRs) and the mechanisms underlying the anti-fibrotic effect of Cur in rat cardiac fibroblasts (CFs) in vitro. Methods: SHRs were orally treated with Cur (100 mg· kg -1 ·d -1 ) or Cur (100 mg· kg -1 ·d -1 ) plus the PPAR-γ antagonist GW9662 (1 mg· kg -1 ·d -1 ) for 12 weeks. Cultured CFs were treated with angiotensin II (Ang II, 0.1 μmol/L) in vitro. The expression of relevant proteins and mRNAs was analyzed using Western blotting and real-time PCR, respectively. The expression and activity of peroxisome proliferatoractivated receptor-γ (PPAR-γ) were detected using Western blotting and a DNA-binding assay, respectively. Results: Treatment of SHRs with Cur significantly decreased systolic blood pressure, blood Ang II concentration, heart weight/body weight ratio and left ventricle weight/body weight ratio, with concurrently decreased expression of connective tissue growth factor (CTGF), plasminogen activator inhibitor (PAI)-1, collagen III (Col III) and fibronectin (FN), and increased expression and activity of PPAR-γ in the left ventricle. Co-treatment with GW9662 partially abrogated the anti-fibrotic effects of Cur in SHRs. Pretreatment of CFs with Cur (5, 10, 20 μmol/L) dose-dependently inhibited Ang II-induced expression of CTGF, PAI-1, Col III and FN, and increased the expression and binding activity of PPAR-γ. Pretreatment with GW9662 partially reversed anti-fibrotic effects of Cur in vitro. Furthermore, pretreatment of CFs with Cur inhibited Ang II-induced expression of transforming growth factor-β1 (TGF-β1) and phosphorylation of Smad2/3, which were reversed by GW9662. Conclusion: Cur attenuates cardiac fibrosis in SHRs and inhibits Ang II-induced production of CTGF, PAI-1 and ECM in CFs in vitro. The crosstalk between PPAR-γ and TGF-β1/Smad2/3 signaling is involved in the anti-fibrotic and anti-proliferative effects of Cur.
Introduction
Cardiac fibrosis is a common pathological change that occurs as a results of both hypertension and myocardial infarction, and in the setting of valvular heart disease, which induces significant left ventricular hypertrophy. Therefore, it is regarded as a critical risk factor in determining clinical outcomes of cardiac diseases [1] . Cardiac fibroblasts (CFs) play a critical role in the progression of cardiac remodeling in the setting of hypertension by upregulating extracellular matrix (ECM) deposition in hearts [2] . Growing evidence has shown that the expression of angiotensin II (Ang II) is dramatically elevated in the setting of hypertension and myocardial infarction [3, 4] . Increased Ang II causes cardiac fibrosis by inducing the proliferation and migration of CFs, over-apoptosis of cardiac myocardium, and over-deposition of ECM components such as collagen I (Col I), collagen III (Col III), and fibronectin (FN) [4] [5] [6] . Plasminogen activator inhibitor (PAI)-1, which belongs to the serine protease inhibitor family, amplifies the progression of fibrosis in various organs such as heart, lung, and kidney, by increasing ECM production, down-regulating ECM degeneration, and suppressing the activity of metalloproteinases [6, 7] . The expression of PAI-1 is increased in both CFs and the myocardiums when Ang II is present [8, 9] . The expression of connective tissue growth factor (CTGF) is increased in the left ventricle and arteries as a results of hypertension, atherosclerosis, and diabetes mellitus, in both animal models and patients [10] [11] [12] . CTGF, a potential pro-fibrotic factor, plays an www.nature.com/aps Meng Z et al Acta Pharmacologica Sinica npg important role in accelerating the progression of cardiac and vascular fibrosis via the stimulation of proliferation of CFs and vascular smooth muscle cells [13, 14] . It has been determined that the expression of CTGF is upregulated by Ang II, which suggests that CTGF may be a mediator of Ang II-induced cardiac fibrosis [15] . Peroxisome proliferator-activated receptor-γ (PPAR-γ), a member of the nuclear hormone family, is involved in the regulation of a variety of physiological functions, such as glucose and lipid metabolism, inflammation, immune responses, and tissue fibrosis, as an activated PPAR-γ binds to specific PPAR response elements (PPREs) and controls the expression of its target genes [8, 16, 17] . Growing evidence has indicated that upregulation of PPAR-γ activity is an effective method to prevent cardiac fibrosis caused by hypertension, myocardial infarction or diabetes [11, 14, 18] . Recently, PPAR-γ ligands have been shown to inhibit Ang II-induced over-production of ECM and proliferation of CFs [8] . Curcumin (Cur), the main component of the yellow color of turmeric, is a natural polyphenol that has been used to treat a variety of diseases since ancient times [19] . Considerable evidence has indicated that Cur exhibits various beneficial physiological effects, such as anti-proliferative, anti-oxidative, anti-inflammatory, anti-carcinoma, and anti-infectious effects, by affecting a wide range of molecular targets including cytokines, growth factors, nuclear transcription factors, and intercellular adhesion molecules [20] [21] [22] [23] . Cur has recently received attention for its protective effects on the cardiovascular system, such as its down-regulation of blood pressure, inhibition of the progression of atherosclerosis, and suppression of diabetic cardiomyopathy [24] [25] [26] . Cur also demonstrates a capacity to upregulate the activity of PPAR-γ, which inhibits both ischemia-induced inflammation in the brain and the activity of hepatic stellate cells caused by advanced glycation end-products [27, 28] . However, whether Cur effectively inhibits Ang II-induced cardiac fibrosis via upregulation of PPAR-γ has not been clearly demonstrated either in vivo or in vitro.
To better understand how Cur exerts its effects through Ang II, we studied the molecular mechanisms related to the inhibition of Ang II-induced expression of CTGF, PAI, and ECM by Cur in CFs.
Materials and methods

Reagents
Dulbecco's modified Eagle's medium (DMEM) was obtained from Gibco BRL (Carlsbad, CA, USA). Penicillin, curcumin, streptomycin, Tris, Ang II, GW9662, and 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) were purchased from Sigma Chemical Co (St Louis, MO, USA). Antibodies against PPAR-γ, TGF-β1, Smad2/3, and phosphoSmad2/3 (p-Smad2/3) were purchased from Cell Signaling Technology (Beverly, MA, USA), and antibodies against CTGF, PAI-1, Col III, and FN were obtained from Abcam (Cambridge, UK). Transzol, fetal bovine serum (FBS), EasyScript Reverse Transcriptase, TransStrat Green Qpcr SuperMix, and a β-actin antibody were purchased from TransGen Biotechnology (Beijing, China).
Animal experiments
Eight-week-old male spontaneously hypertensive rats (SHRs) and age-matched male Wistar Kyoto (WKY) rats obtained from Shanghai SLAC Laboratory Animal Technique Corp were used. Normal WKY rats were chosen as the control group (n=8). The SHRs were randomly divided into the following 3 groups (n=8 each) for different treatments by oral gavage for 12 weeks: Cur (100 mg·kg -1 ·d -1 ) [29] , Cur (100 mg·kg -1 ·d -1 )+GW9662 (10 mg·kg -1 ·d -1 ), and saline control. All rats were housed under similar conditions with a 12-h light/ dark cycle at 23±1 °C and humidity 55%±5%. Rats had free access to an ordinary diet and water. Using the tail-cuff method, conscious rats had their systolic blood pressures (SBPs) measured. Body weight was recorded biweekly during the study period. At the end of the 12th week, rats were killed by intra-aortic administration of 10% potassium chloride and an excess amount of pentobarbital. Hearts were subsequently excised and weighed. One portion of the left ventricle was fixed in 4% formaldehyde solution and embedded in paraffin for collagen evaluation, and the remaining portion was snapfrozen in liquid nitrogen and stored at -70 °C for subsequent biochemical assays.
Sirius red staining
Collagen was evaluated using a Sirius Red assay. Left ventricle sections (5 mm) were hydrated and stained with Sirius Red (0.5% in saturated aqueous picric acid; Sigma). Ten fields in each region of the heart were selected randomly from four nonconsecutive serial sections, and collagen content was quantified as Sirius Red-positive areas using fluorescence confocal microscopy (Leica TCS SP2-AOB).
Ang II concentration assay
To measure the concentration of Ang II, blood samples of 4 groups were collected in chilled tubes containing ethylenediaminetetraacetic acid (EDTA, 20 g/L) pH 5.5, to inhibit any possible enzymatic generation and degradation of Ang II. Collected blood samples were placed into 1.5 mL microcentrifuge tubes and centrifuged at 3000×g and 4 °C for 15 min. The plasma samples were then stored at -20 °C for subsequent analysis. Determination of Ang II was performed using a commercial enzyme-linked competitive immunoassay kit (Elabs, Gothenburg, Sweden), following the manufacturer's protocol.
Cell culture All animal procedures and our studies followed the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No 85-23, revised 1996). Sprague-Dawley rats (1-to-2 d old) were obtained from the Laboratory Animal Institute in the School of Medicine at Zhengzhou University. Collagenase and trypsin digestion were used to obtain the CFs from the rats' ventricles using a previously published method [30] . CFs were cultured Cell proliferation assay Cell proliferation was determined using the MTT reduction assay. CFs were seeded at a density of 8000 cells/well, in 96-well plates. After each treatment, the medium was removed, and cells were incubated with MTT (5 mg/mL) for 4 h at 37 °C. The resulting dark blue formazan crystals that formed inside the intact cells were solubilized with DMSO, and absorbance was measured at 490 nm on a microplate spectrophotometer (POLARstar OPTIMA, BMG LABTECH, Offenburg, Germany).
Real-time reverse transcription-PCR
Total RNA was extracted using TransZol reagent, and DNA was removed using a DNA-free kit (Ambion, Austin TX, USA). The quality of the mRNA was checked by performing denaturing agarose gel electrophoresis containing 1.5% formaldehyde. The total RNA concentration and purity were determined by UV-Vis spectroscopy with the Bio-Rad SmartSpec 3000 system (Bio-Rad, Hercules, CA, USA). To synthesize cDNA, 1 μg of total RNA was included in a 20 μL reaction utilizing oligo(dT)18 Primer and TransScript Reverse Transcriptase (TransGen Biotech, Beijing). Primers for rat PPAR-γ, CTGF, PAI-1, collagen III, fibronectin, and GAPDH were chosen using Beacon designer v4.0 (Premier Biosoft, CA, USA). GAPDH was used as an endogenous control. The mRNA levels of PPAR-γ, CTGF, PAI-1, collagen III, fibronectin, and GAPDH were measured by real-time PCR with the ABI PRISM 7000 sequence detection PCR system (Applied Biosystems, Foster City, CA, USA). One melting peak confirmed the presence of a single product. The results were expressed as fold differences relative to the level of β-actin using the 2 -ΔΔCT method.
Western blot analysis
Either CFs or myocardial tissue were lysed with 200 μL of ice-cold lysis buffer (pH 7.4) (50 mmol/L HEPES, 5 mmol/L EDTA, 100 mmol/L NaCl, 1% Triton X-100, protease inhibitor cocktail; Roche, Mannheim, Germany) in the presence of phosphatase inhibitors (50 mmol/L sodium fluoride, 1 mmol/L sodium orthovanadate, 10 mmol/L sodium pyrophosphate, 1 nmol/L microcystin). The activated PPAR-γ protein, located in the nucleus, was extracted using a Pierce NE-PER kit (Pierce, Rockford, IL, USA). Protein concentrations were identified using a BCA protein assay kit. Samples underwent 10% SDS-PAGE and were subsequently transferred onto a polyvinylidene difluoride membrane in a semi-dry system (BioRad), which was blocked with 5% fat-free milk in TBST buffer (20 mmol/L Tris-HCl, 137 mmol/L NaCl, and 0.1% Tween 20). Samples were then incubated overnight with primary antibodies against PPAR-γ (1:400), CTGF (1:500), PAI-1 (1:400), Col III (1: 1000), FN (1:500), β-actin (1:1000), and histone (1:500) in TBST buffer before being washed and incubated with secondary antibodies (1:5000) for 100 min. The optical densities of the bands were quantified using a Gel-Pro Analyzer v4.0 (Media Cybernetics, Rockville, MD, USA). β-Actin was used as the endogenous control. Data were normalized against those of the corresponding β-actin. The results were expressed as fold differences compared with the control (Table 1) .
DNA-binding assay
Nuclear proteins were extracted using a Pierce NE-PER kit. PPAR-γ DNA-binding activity was determined by an ELISAbased method using a PPAR-γ transcription assay kit (Cayman Chemical, USA). As described previously, 10 mg nuclear protein was added to a 96-well plate, which was prepared with PPAR specific double-stranded DNA containing the sequence for a peroxisome proliferator-response element (PPRE), and subsequently incubated for 12 h at 4 °C. A specific PPAR-γ antibody was used to detect bound PPAR-γ. To enable colorimetric reading at 450 nm, there was a subsequent addition of a horseradish peroxidase-conjugated secondary antibody.
Statistical analysis
Results are expressed as the mean±SEM of three experiments. Differences between groups were assessed by one-way ANOVA followed by post hoc tests. Statistical tests were performed using SPSS 17.0 software (SPSS Inc, Chicago, IL, USA). A value of P<0.05 was considered statistically significant.
Results
Effect of Cur on SBP, body weight, heart weight, left ventricle weight, and Ang II concentration in SHRs After 12 weeks of treatment, SBPs in the SHRs without Cur treatment was significantly higher than that in WKY rats, These results suggest that Cur suppresses cardiac remolding in SHRs, which is related to PPAR-γ activation. However, there were no differences in body weight among the different groups ( Table 2 ).
Effect of Cur on collagen deposition in the left ventricles of SHRs
The collagen content of the left ventricle was much higher in SHRs compared with WKY rats, as determined by Sirius Red staining. Treating SHRs with Cur (100 mg·kg -1 ·d -1 ) partially suppressed collagen deposition in the left ventricle, an effect that was inhibited by treatment with GW9662 in SHRs ( Figure  1 ). These results indicate that activation of PPAR-γ may be involved in the inhibitory effect of Cur on collagen deposition in the left ventricle of SHRs.
Effect of Cur on the expression of CTGF, PAI-1, Col III, and FN in the left ventricles of SHRs The expression of CTGF and PAI-1 in the left ventricles was significantly higher in SHRs compared with WKY rats at the level of both mRNA and protein, but SHRs treated with Cur had levels only slightly higher than the WKY rats (Figure 2A  and 2C) . The relative differences in mRNA and protein levels for Col III and FN were similar to CTGF and PAI-1 across the groups (Figure 2B and 2D ). Treating SHRs with GW9662 reversed Cur's inhibitory effect on the expression of CTGF, PAI-1, Col III, and FN in the left ventricles of SHRs. These results suggest that PPAR-γ activation may be involved in the procession of Cur's inhibitory effect on the expression of CTGF, PAI-1, Col III, and FN in the left ventricles of SHRs.
Effect of Cur on the expression of PPAR-γ in the left ventricles of SHRs Protein expression of PPAR-γ in the left ventricles of SHRs was significantly lower in SHRs, compared with WKY rats, but pretreatment with Cur resulted in higher PPAR-γ levels, reducing the difference between the two rat types. Treating SHRs with GW9662 significantly reversed Cur's upregulation of the protein expression of PPAR-γ ( Figure 3A) . A similar trend was observed for PPAR-γ mRNA levels between these groups ( Figure 3B ).
Effect of Cur on the activation of PPAR-γ in Ang II-induced CFs
Once activated, PPAR-γ is translocated from the cytosol into the nucleus. Therefore, to observe the effect of Cur on the activation of PPAR-γ, we extracted nuclear protein from Ang IIinduced CFs. According to Western blot results, stimulation of CFs with Ang II (0.1 μmol/L) caused a significant decrease in PPAR-γ expression; however treatment with Cur attenuated this effect in a concentration-dependent manner ( Figure  4A) . Additionally, the binding activity of PPAR-γ in Ang IIinduced CFs was increased by Cur in a dose-dependent manner ( Figure 4B ). Figure 5A , 5B). Cur also suppressed an Ang II-induced increase in mRNA expression of CTGF, Col I, Col III, and FN, an effect that was also concentration-dependent ( Figure 5C, 5D ). However, after treating CFs with the PPAR-γ antagonist GW9662, suppression of CTGF, Col I, Col III, and FN by Cur was not observed (Figure 4 ). Effect of Cur on cell proliferation in Ang II-induced CFs Over-proliferation of CFs plays an important role in the progression of cardiac fibrosis. Therefore, we measured the effect of Cur on cell proliferation in Ang II-induced CFs. As shown in Figure 3 , Ang II induced a remarkable increase in the cell viability. However, pretreating cells with Cur attenuated Ang II-induced CFs proliferation in a concentration-dependent manner. Furthermore, pretreatment with GW9662 in CFs suppressed Cur's inhibitory effect on Ang II-induced proliferation, suggesting a PPAR-γ-dependent mechanism ( Figure 5 ).
Effect of Cur on the activation of a TGF-β1/Smad2/3 signaling pathway in Ang II-induced CFs The TGF-β1/Smad2/3 signaling pathway has been shown to be a major mediator in regulating CTGF and PAI expression. As Cur mediates the activation of TGF-β1/Smad2/3 signaling, we investigated whether TGF-β1/Smad2/3 signaling is involved in Cur's inhibitory effect on CTGF, PAI, and ECM synthesis. As shown in Figure 6A , after stimulation with Ang II for 24 h, protein expression of TGF-β1 was increased significantly, and pretreatment with Cur (5, 10, and 20 μmol/L) attenuated this effect ( Figure 7A ). Moreover, the inhibitory effect of Cur was detected on the phosphorylation of Smad2/3 in CFs: this is TGF-β1's main downstream target. Although Cur suppressed the Ang II-induced change in TGF-β1 production and the phosphorylation of Smad2/3 in CFs, it did not affect the total expression of Smad2/3 ( Figure 7B ). Moreover, treating CFs with GW9662 significantly reversed Cur's inhibitory effect on the activation of TGF-β1/Smad2/3 signaling ( Figure 7) . These results suggest that the mechanism by which Cur inhibits the production of pro-fibrotic factors and ECM in CFs partially involves the activation of TGF-β1/Smad2/3 signaling, which may be partially regulated by PPAR-γ activation.
Discussion
One of the critical causes of cardiac fibrosis is hypertension. In the present study, we demonstrated that Cur significantly suppresses Ang II-induced CTGF and ECM production both in vivo and in vitro. Furthermore, we documented that Cur's inhibitory effect is partially dependent on the activation of PPAR-γ. These results expand the understanding of the key role of PPAR-γ in cardiac fibrosis and provide novel experimental evidence of Cur's protective effect against hypertension-induced cardiac fibrosis.
The concentration of Ang II in the serum is remarkably elevated in the setting of hypertension, and causes cardiac fibrosis via the induction of CFs proliferation, excessive apoptosis of the myocardium, and excessive deposition of ECM. Col I, Col III, and FN constitute the main components of the ECM in cardiac fibrosis [6, 8, 30] . Growing evidence has indicated that the activity of PPAR-γ is involved in the regulation of ECM metabolism in the heart, via the inhibition of ECM production, the upregulation of matrix MMPs activtity, and the suppression of pro-fibrotic factors [8, 29, 31] . More importantly, Cur inhibits pressure-overload-induced ECM production in the rabbit left ventricle and PDGF-induced expression of collagen in vascular smooth muscle cells (VSMCs) [32, 33] . In this study, we determined that Cur inhibited Ang II-induced expression of Col III and FN in a dose-dependent manner, and this effect was partially reversed by the PPAR-γ antagonist, GW9662. This study suggests that Cur effectively suppresses Ang IIinduced ECM production in CFs, a process that is partially mediated by PPAR-γ.
CTGF is a potential factor in the over-proliferation of various connective tissue cells such as CFs, skin fibroblasts, and VSMCs, in the setting of systemic sclerosis, liver cirrhosis, and atherosclerosis [14, 34] . Several studies have shown that CTGF, which is expressed by both cardiac fibroblasts and myocardium, promotes the progression of cardiac fibrosis [1, 35] . Ang II induces over-production of CTGF in CFs and VSMCs at both the mRNA and protein levels; this is accomplished by suppressing the expression and activity of PPAR-γ [14, 36] . Additionally, it has been noted previously that the expression of CTGF in the wall of aorta of SHRs and Ang II-induced rats is controlled by PPAR-γ [37] . More importantly, the activation of PPAR-γ, which is caused by ligands such as rosiglitazone and 15d-PGJ 2, suppressed the expression of CTGF in VSMCs and CFs affected by Ang II and advanced glycation end-products [37, 38] . As with CTGF, PAI-1 is also a potential pro-fibrotic factor and is involved in fibrosis in a variety of tissues, such as lung, heart, and liver [7] . Additionally, the expression of PAI-1 is also partially regulated by PPAR-γ in Ang II-stimulated CFs [8] . In the present study, we demonstrated that in SHRs, the expression of CTGF and PAI-1 in left ventricle was dramatically elevated at the mRNA and protein levels, suggesting that CTGF and PAI-1 are partially involved in the progression of cardiac fibrosis induced by hypertension. The upregulation of PPAR-γ activity by Cur caused a significant decrease in both the in vitro and in vivo expression of CTGF and PAI-1.
As Cur has a blood pressure-lowering effect, we determined whether the inhibitory effect of Cur on Ang II-induced expression of CTGF and PAI-1 is truly PPAR-γ-dependent, and not blood pressure-or hemodynamic change-dependent, by using CF primary cultures to evaluate the effect of Cur on Ang IIinduced expression of CTGF and PAI-1. Ang II elevated the expression of CTGF and PAI-1 at both mRNA and protein levels, and decreased the expression of PPAR-γ and DNAbinding activity in CFs. Treatment with Cur increased the expression and DNA-binding activity of PPAR-γ in a dosedependent manner. At the same time, Cur attenuated Ang II-induced expression of CTGF and PAI-1 at both the mRNA and protein levels in CFs: this effect was reversed by pretreatment with GW9662, a PPAR-γ antagonist. These results demonstrate the direct cellular effect of Cur on Ang II-induced expression of pro-fibrotic factors, and indicate that the effect is partially PPAR-γ-dependent. TGF-β signaling plays an important role in the progression of cardiac fibrosis by modulating myofibroblast differentiation, enhancing ECM production, and suppressing the activity of MMPs [32] . Furthermore, some studies have demonstrated that Ang II upregulates TGF-β mRNA and protein expression in CFs [39] . Treatment with AT1 inhibitors markedly blocked Ang II-induced expression of TGF-β in hypertrophied and infarcted hearts, suggesting that TGF-β is a downstream target of Ang II [39] . It has been demonstrated that TGF-β is a strong inducer of CTGF and PAI in animal model of cardiac remolding [33, 40] . More importantly, previous studies have found that the expression TGF-β is partially controlled by PPAR-γ, and some PPAR-γ-ligands markedly suppress TGF-β mRNA and protein expression [8, 14] . In addition, growing evidence has focused on the relationship between the pharmacological effect of Cur and TGF-β signaling. It has been demonstrated that Cur significantly inhibits TGF-β production and TGF-β signaling in the setting of bile duct obstruction-and CCl 4 -induced hepatic injury, as well as in renal cells, and scleroderma fibroblasts, through a range of molecular mechanisms [41] [42] [43] [44] [45] . Smad2/3 is the primary downstream target of TGF-β, which is involved in the expression of CTGF and PAI and ECM production in different cell types and tissues and is a main target of Cur's pharmacological effect on TGF-β signaling, a process that inhibits the proliferation of different cell types [46, [47] [48] [49] . However, prior to this study, whether Cur inhibited Ang II-induced TGF-β signaling, and whether PPAR-γ was involved in this process, was unknown. We found that treating CFs with Ang II remarkably increased TGF-β1 mRNA and protein expression, as well as the phosphorylation of Smad2/3. This effect was attenuated by pretreatment with Cur. Furthermore, the PPAR-γ antagonist, GW9662, partially reversed the inhibitory effect of Cur on Ang II-induced expression of TGF-β1 and phosphorylation of Smad2/3 in CFs. These results demonstrate that TGF-β/ Smad2/3 signaling may be involved in Cur's inhibitory effect on Ang II-induced CF proliferation, ECM production, and expression of PAI-1 and CTGF in a manner partially mediated by PPAR-γ.
Although our present study has demonstrated that Cur inhibits Ang II-induced expression of CTGF and PAI, as well as ECM production, these results may not clearly reflect whether Cur effectively suppresses Ang II-induced cardiac fibrosis in animal models. Therefore, we choose spontaneously hypertensive rats, which are characterized by a high concentration of Ang II, as the animal models in which to observe the inhibitory effect of Cur on the expression of profibrotic factors and ECM production caused by hypertension. Previous evidence has demonstrated that the expression of CTGF, PAI, and ECM is markedly elevated in SHRs compared with normal rats [37, 50] . Recently, it has been shown that by suppressing ECM production and CF proliferation, Cur has the potential to prevent post-infarction cardiac remodeling [33] . This is the first study to demonstrate that Cur prevents the progression of cardiac fibrosis in SHRs, as indicated by a dosedependent decrease in CTGF, PAI, Col III, and FN production in the left ventricle. Furthermore, Cur also abrogates the 1255 www.chinaphar.com Meng Z et al Acta Pharmacologica Sinica npg elevated ratios of heart weight/body weight and left ventricle weight/body weight observed in SHRs. The expression of PPAR-γ was dramatically lower in SHRs, a scenario associated with elevated blood pressure that was attenuated by pretreatment with Cur. However, the PPAR-γ antagonist, GW9662, reversed the inhibitory effect of Cur on the progression of cardiac fibrosis in SHRs. These results clearly demonstrated that Cur suppressed cardiac fibrosis in SHRs, as indicated by inhibition of the production of CTGF, PAI-1, Col III, and FN in the left ventricle, as well as the decreases in the ratios of heart weight/body weight and left ventricle weight/body weight, event mediated in part by PPAR-γ. Cur decreased SBP in SHRs, and previous studies have also reported that Cur decreases the level of SBP in L-NAME-induced Wistar rats. Due to GW9662 (the PPAR-γ antagonist) preventing decrease in SBP in SHRs, it is possible that the activity of PPAR-γ was at least partly involved in this process. Growing evidence has demonstrated that PPAR-γ agonists such as rosiglitazone and pioglitazone effectively downregulate SBP in diabetic patients and animal models [51] [52] [53] [54] . Additional research is needed to determine whether the anti-fibrotic effect of Cur is related to its inhibitory effect on blood pressure in SHRs.
Overall, the present study demonstrates that Cur inhibits Ang II-induced CTGF, PAI, and ECM production in CFs, and attenuates cardiac fibrosis in SHRs, and its effects are partially dependent on cross-talk between PPAR-γ and TGF-β/ Smad2/3 signaling. These results suggest a possible novel mechanism that acts to prevent cardiac fibrosis caused by hypertension.
